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(54) Exposure control 

(57) EU V exposure apparatus for transferring a pat- 
tern on a reticle to a wafer, includes an illumination op- 
tical system having a plurality of illumination system mir- 
rors for directing EUV light to the reticle, and a projection 
optical system having a plurality of projection system 
mirrors for directing reflection light from the reticle to the 
wafer. In the illumination optical system, a reflection- 
type optical integrator is arranged to form a plurality of 



light source images with the light from the light source. 
The optical integrator has a pinhole to branch a part of 
the EUV light to an EUV-light intensity detector. A con- 
troller controls the amount of exposure based on the in- 
tensity of EUV light detected by the EUV-light intensity 
detector. In this manner, precision in measuring the in- 
tensity of exposure light is improved, and compensation 
control of the amount of exposure is appropriately per- 
formed. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to an exposure 
apparatus capable of transferring a microcircuit pattern, 
and control method thereof. 

BACKGROUND OF THE INVENTION 

[0002] As a conventional exposure (lithography) 
method for manufacturing micro semiconductor devic- 
es, such as semiconductor memory or logical circuits or 
the like, demagnifying projection exposure using ultra- 
violet light has been employed. 

[0003] The minimum size transferable in the demag- 
nifying projection exposure is proportional to a wave- 
length of light used in the transfer, and is inversely pro- 
portional to the numerical aperture of a projection optical 
system. Therefore, in order to transfer a microcircuit pat- 
tern, it is necessary to pursue a shorter wavelength of 
light used in the transfer. For this reason, wavelengths 
of ultraviolet light used are becoming shorter, e.g., mer- 
cury lamp i-ray (wavelength of 365 nm), KrF excimer la- 
ser (wavelength of 248 nm), ArF excimer laser (wave- 
length of 193 nm) and so forth. 

[0004] However, because semiconductor devices are 
rapidly miniaturizing, the lithography using ultraviolet 
light has begun to reach its limits. Therefore, in order to 
perform efficient exposure of a very small microcircuit 
pattern, which is smaller than 0.1 u/n, a demagnifying 
projection exposure apparatus using extreme-ultravio- 
let light (EUV light), having even shorter wavelength 
(about 10 to 15 nm) than ultraviolet light, has been de- 
veloped. 

[0005] In such EUV-light area, since EUV light is very 
largely absorbed by substances, a lens optical system 
employing refraction of light, such as that used in visible 
light or ultraviolet light, is not practical. Instead, the ex- 
posure apparatus using EUV light adopts a reflection 
optical system. In this case, for a reticle (mask) also, a 
reflection-type reticle (reflection-type mask), where a 
pattern subjected to transfer is formed on a mirror with 
an absorptive member, is employed. 
[0006] As a reflection-type optical device which con- 
stitutes the exposure apparatus using EUV light, there 
are multilayer mirrors and grazing incidence total reflec- 
tion mirrors. In the EUV-light area, since the real part of 
refractive index is slightly smaller than 1 , total reflection 
takes place if EUV light is obliquely incident very closely 
to the surface. Normally, with a grazing incident angle 
of several degrees or less from the surface, a reflectivity 
higher than several tens of % can be achieved. Howev- 
er, because of the low flexibility in terms of optical de- 
signing, it is difficult to apply total reflection mirrors to 
the projection optical system. 

[0007] For an EUV-light mirror used at an incident an- 
gle close to normal incidence, a multilayer mirror, where 



two types of substances having different optical con- 
stants are alternately layered, is used. In the multilayer 
mirror, molybdenum and silicon are alternately layered 
' on the surface of a glass substrate polished into a fine 

5 . plane shape. The thickness of the layer is, for instance, 
2 nm for a molybdenum layer, and about 5 nm for a sil- 
icon layer, and the number of layers laminated is about 
40 layers in pairs. The thickness of the layers including 
the two types of substances is called a film period, in 

10 the foregoing example, the film period is 2 nm + 5 nm = 
7 nrh: 

[0008] When EUV light is incident on such multilayer 
mirrors, EUV light having a specific wavelength is re- 
flected. Assuming an incident angle is G; the wavelength 
is of the EUV light, X; and the film period, d; only the EUV 
light having a narrow bandwidth, whose center X ap- 
proximately satisfies Bragg's equation 

2Q 2 x d x cos G = X, 

is efficiently reflected. The bandwidth herein is about 0.6 
to 1 nm. 

[0009] The reflectivity of the EUV light reflected is 
25 about 0.7 at the maximum. EUV light that is not reflected 
is absorbed in the multilayer film or the substrate, and 
most part of the energy thereof turns into heat. 
[0010] Since the multilayer mirrors used in the EUV 
area have a large light loss compared to mirrors used 
30 jn visible light, it is necessary to minimize the number of 
mirrors. To ensure a wide exposure area with the small 
number of mirrors, a method (scan exposure) of trans- 
ferring a wide area by simultaneously scanning a reticle 
and a wafer only with the use of a thin arc-shaped area 
35 (ring field) that is away from an optical axis by a fixed 
distance, may be considered. 

[0011] In the case of employing the above-described 
EUV light as exposure light, a laser plasma light source 
or an electric discharge plasma light source is used. 
40 However in such EUV exposure apparatus, there are 
following problems. 

[0012] A laser plasma light source used as an EUV 
light source is realized by irradiating a highly intense 
pulse laser beam to a target material for generating 

45 high-temperature plasma, and employing EUV light 
emitted therefrom, having a wavelength of, e.g., about 
13 nm. The intensity of EUV light emitted from the laser 
plasma light source fluctuates depending on a temper- 
ature of the target. Particularly in the method of achiev- 

50 ing a high-density target by increasing a gas density with 
adiabatic expansion of gas or clustering the gas, a slight 
change in the temperature of the emitted gas or nozzles 
greatly changes the target density at the time of irradi- 
ating excitation laser, and along with that, largely chang- 

55 es the intensity of EUV light emitted. 

[0013] If the intensity of EUV light emitted from the 
light source changes, the amount of EUV light irradiated 
to a wafer fluctuates, causing variations in the size of a 
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microcircuit pattern subjected to transfer or disabling the 
transfer of a microcircuit pattern. 
[0014] Similarly, an intensity of EUV light emitted from 
the electric discharge plasma light source fluctuates de- 
pending on a temperature of electrodes or gas. The 
electric discharge plasma light source is realized by ap- 
plying a pulse voltage to electrodes in gas for generating 
high-temperature plasma, and employing EUV light 
emitted therefrom, having a wavelength of, e.g., about 
13 nm. in the electric discharge plasma light source al- 
so, nozzles of a gas supplying device or electrodes are 
heated by electromagnetic waves or particles emitted 
from the plasma, and electrodes are heated by Joule 
heat inside the electrodes. For these reasons, the inten- 
sity of EUV light emitted from the light source changes, 
and along with that, the amount of EUV light irradiated 
to a wafer fluctuates, causing variations in the size of a 
microcircuit pattern subjected to transfer or disabling the 
transfer of a microcircuit pattern. 

[0015] Furthermore, the high-temperature plasma 
generated in the laser plasma light source emits high- 
speed gas molecules and charged particles. There is a 
case in which a part of a target material supplying device 
is sputtered by high-speed particles of the plasma (sput- 
tering phenomenon), causing atomic elements on the 
surface to fly. These are called debris. If the debris is 
irradiated to an initial-stage mirror of the illumination 
system which illuminates a reticle with light from the light 
source, the multilayer film of the mirror is damaged. The 
mechanism is as follows: 

the multilayer structure is destroyed by particle en- 
ergy; 

the target material and material of the target sup- 
plying device are deposited on the multilayer film, 
and become an EUV-light absorbing layer; 
the heated multilayer film causes recrystailization 
of substances constituting the film, and counter dif- 
fusion causes the film structure to change. 

[0016] Similarly, the plasma generated in the electric 
discharge plasma light source also emits high-speed 
gas molecules and charged particles. There is a case 
in which an electrode material or a part of an insulation 
material holding the electrode is sputtered by high- 
speed particles of the plasma, causing atomic elements 
on the surface to fly. If the debris is irradiated to an initial- 
stage mirror of the illumination system, the multilayer 
film of the mirror is damaged. 

[0017] Because of these phenomena, the reflectivity 
of the multilayer mirror gradually decreases along with 
operation of the EUV light source. Therefore, the inten- 
sity of EUV light illuminating a reticle gradually declines. 
Accordingly, the amount of EUV light irradiated to a wa- 
fer fluctuates, causing variations in the size of a micro- 
circuit pattern subjected to transfer or disabling the 
transfer of a microcircuit pattern. 
[0018] As means for solving the above-described 



problems of fluctuation in the illumination intensity, for 
instance, Japanese Patent Application Laid-Open No. 
2000-100685 discloses an exposure apparatus for 
transferring a pattern of a mask onto a photoreceptive 

5 substrate. The exposure apparatus comprises an X-ray 
light source that generates X rays and an illumination 
system-that guides X rays from the X-ray light source to 
the mask, and the illumination system has a plurality of 
reflection mirrors. With respect to a reflection surface of 

10 at least one of the plurality of reflection mirrors, a detec- 
tion device is arranged to detect an electrical character- 
istic that accompanies photoelectric effects of the X-ray 
irradiation. The amount of exposure is adjusted in ac- 
cordance with a detection result of the detection device, 

15 and fluctuation in the illumination intensity of the expo- 
sure light is compensated. 

[0019] In this conventional example, a detector taking 
advantage of photoelectric effects Is arranged on the re- 
flection surface of the reflection mirror. Therefore, the 

20 photoelectric surface becomes extremely sensitive to 
the state of its surface. Only a slight contamination on 
the surface largely changes the measurement sensitiv- 
ity, and the measurement precision declines. 
[0020] Furthermore, in the foregoing conventional 

25 method, photons reflected by the mirror do not cause 
photoelectric effects, but only the absorbed photons 
cause photoelectric effects. Therefore, in this method, 
the intensity of light absorbed by the mirror is measured, 
instead of EUV light reflected by the mirror. From an 

30 EUV light source, light having various wavelengths is 
emitted in addition to the light having a wavelength used 
for the exposure. The light having various wavelengths 
is reflected at a certain ratio on the multilayer reflection 
mirror, and passes through the internal portion of the il- 

35 lumination optical system. Therefore, in the method 
adopting the detector employing photoelectric effects, 
which is arranged on the reflection surface of the reflec- 
tion mirror, the detection result is influenced by the in- 
tensity of light emitted from the EUV light source, which 

40 has wavelengths that do not contribute to the exposure; 
thus measurement precision is deteriorated. 
[0021] The following approach may be considered as 
means to solve the problem of the illuminance fluctua- 
tion. That is, the approach divides a part of the luminous 

45 flux of the exposure in the wave front in a light path of 
the illumination optical system, detects the part of the 
luminous flux, and adjusts the exposure light amount 
and compensates the exposure illuminance based on 
the detection result. However, there is a problem of 

so causing unevenness illuminance on the reticle if the di- 
vision in wavefront is performed at neighborhood of the 
reticle. 



55 



SUMMARY OF THE INVENTION 

[0022] The present invention is proposed in view of 
the above-described problems, and has as its exempli- 
ficative object to improve precision in measuring an in- 
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tensity of exposure light and appropriately perform com- 
pensation control of the amount of exposure. 
[0023] Furthermore, another exemplificative object of 
the present invention is to improve precision in measur- 
ing an intensity of exposure light, prevent variations in 
the size of a microcircuit pattern or reduction in resolu- 
tion caused by fluctuations of a light-emitting intensity 
of a light source, and realize exposure control which en- 
ables stable transferring of a microcircuit pattern. 
[0024] Other features and advantages of the present 
invention will be apparent from the following description 
taken in conjunction with the accompanying drawings, 
in which like reference characters designate the same 
or similar parts throughout the figures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] The accompanying drawings, which are incor- 
porated in and constitute a part of the specification, il- 
lustrate embodiments of the invention and, together with 
the description, serve to explain the principles of the in- 
vention. 

Fig. 1 is a view showing a brief construction of an 
EU V-light exposure apparatus according to the first 
embodiment; 

Fig. 2 is an explanatory view showing constructions 
of a reflection-type optical integrator and its periph- 
erals according to the first embodiment; 
Fig. 3 is a view describing formation of a pinhole in 
the reflection -type optical integrator according to 
the first embodiment; 

Fig. 4 is a view describing formation of a pinhole in 
the reflection-type optical integrator according to 
the first embodiment; 

Fig. 5 is a view showing a brief construction of an 
EU V-light exposure apparatus according to the sec- 
ond embodiment; 

Fig. 6 is an explanatory view showing constructions 
of a reflection-type optical integrator and its periph- 
erals according to the second embodiment; 
Fig. 7 is view describing a form and arrangement of 
a micro-mirror in the reflection-type optical integra- 
tor according to the second embodiment; 
Fig. 8 is an explanatory view of an arc-shaped ex- 
posure area; 

Fig. 9 is a view showing a production flow of a sem- 
iconductor device; and 

Fig. 1 0 is a view showing a detailed flow of wafer 
process. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0026] Preferred embodiments of the present inven- 
tion will now be described in detail in accordance with 
the accompanying drawings. 



<First Embodiment 

[0027] In an EUV exposure apparatus according to 
' the first embodiment, an intensity of EUV light is meas- 
s ured in order to control the amount of exposure and de- 
termine mirror damage. This measurement, which will 
be described later, is realized by partially branching a 
part of illumination light at the position of a reflection- 
type integrator of an illumination optical system and de- 
tecting the light by an EUV-light intensity detector. 
[0028] Fig. 1 is a view showing a brief construction of 
ah EUV-light exposure apparatus according to the first 
embodiment. As shown in Fig. 1 , the EUV exposure ap- 
paratus is constructed with an EUV light source, illumi- 
nation optical system, reflection-type reticle, projection 
optical system, reticle stage, wafer stage, alignment op- 
tical system, and vacuum system. 
[0029] For the EUV light source of the first embodi- 
ment, a laser plasma light source is employed. This is 
realized by irradiating a highly intense pulse laser beam 
to a target material supplied in a vacuum chamber 101 
to generate high-temperature plasma 105, and employ- 
ing EUV light emitted therefrom, having a wavelength 
of, e.g., about 1 3 nm. For the target material, a thin-film 
metal, noble gas, liquid droplet or the like is used. The 
target material is supplied to the vacuum chamber 101 
by a target supplying device 102 comprising means 
such as gas jet or the like. The pulse laser beam is out- 
putted by excitation pulse laser 103, and irradiated to 
the target material through a light-focusing lens 104. To 
increase an average intensity of EUV light emitted, it is 
better to set recurrence frequencies of the pulse laser 
high. The excitation pulse laser 1 03 is normally operated 
at recurrence frequencies of several kHz. 
[0030] Needless to say, an electric discharge plasma 
light source can be employed as an EUV light source. 
The electric discharge plasma light source is realized by 
emitting gas on the periphery of electrodes placed in a 
vacuum chamber, applying a pulse voltage to the elec- 
trodes to cause electrical discharges and generate high- 
temperature plasma, and employing EUV light emitted 
therefrom, having a wavelength of, e.g., 13 nm. To in- 
crease an average intensity of EUV light emitted, it is 
better to set recurrence frequencies of the electrical dis- 
charges high; normally operated at recurrence frequen- 
cies of several kHz. 

[0031] The illumination optical system is constructed 
with a plurality of multilayer films or grazing incidence 
mirrors . and an optical integrator. The illumination opti- 
cal system guides EUV light, which is emitted from the 
plasma 105, to a reticle 111 by the illumination system 
first mirror 106, optical integrator 107, illumination sys- 
tem second mirror 108, and illumination system third 
mirror 109. 

[0032] The initial-stage light-focusing mirror (illumina- 
tion system first mirror) 106 serves to collect EUV light 
that is virtually isotropic-emitted from the laser plasma 
105. The optical integrator 1 07 serves to uniformly illu- 
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minate the reticle at a predetermined numerical aper- 
ture. In the illumination optical system, a field-limiting 
aperture 110 is provided at a conjugate position of the 
reticle so as to limit the illumination area to an arc shape 
on the reticle surface. 5 
[0033] The reticle is irradiated in this arc-shaped ex- 
posure area, and reflection light thereof is irradiated to 
the wafer through a projection opticaJ system. Since 
multilayer mirrors have a large light loss compared to 
mirrors used in visible light, it is necessary to minimize 10 
the number of mirrors. To ensure a wide exposure area 
with the small number of mirrors, a method (scan expo- 
sure) of transferring a wide area by simultaneously 
scanning the reticle and wafer only with the use of a thin 
arc-shaped area (ring field) that is away from an optical is 
axis by a fixed distance, is used (see Fig 8). 
[0034] A plurality of mirrors are used in the projection 
optical system as well. In Fig. 1 , the projection system 
first to fourth mirrors (121 to 124) guide the reflection 
light from the reticle 111 to a wafer 1 31 mounted on a 20 
wafer chuck 133. Although the smaller the number of 
mirrors, the higher the utilization efficiency of EUV light, 
aberration correction becomes difficult. The number of 
mirrors necessary for aberration correction is 4 to 6. The 
shape of the reflection surface of the mirror is spherical 25 
or non -spherical having a convex or concave surface. 
The numerical aperture NA is about 0.1 to 0.3. Note that 
reference numeral 125 denotes a NA-limiting aperture, 
which limits luminous flux to regulate the numerical ap- 
erture of the projection optical system. 30 
[0035] Each of the mirrors is made by grinding and 
polishing a substrate, which consists of materials such 
as glass having a low coefficient of expansion or silicon 
carbide or the like, having a high rigidity and hardness 
and having a low coefficient of thermal expansion, to 35 
form a predetermined reflection surface, and then mul- 
tilayer films, such as molybdenum and silicon, are de- 
posited on the reflection surface. In a case where an 
incident angle is not constant depending on locations of 
the mirror surface, the wavelength of EUV light whose *o 
reflectivity becomes high depending on locations is de- 
viated on the multilayer film having a constant film peri- 
od, as apparent from the aforementioned Bragg's equa- 
tion. Therefore, it is necessary to provide a film period 
distribution in such a manner that EUV light having the *s 
same wavelength is efficiently reflected by the mirror 
surface. 

[0036] The reticle stage 112 and wafer stage 132 
have a mechanism for synchronously scanning at a 
speed ratio that is equal to a demagnification ratio. Here- so 
in : it is defined that the scanning direction on the reticle 
or wafer surface is X, the direction perpendicular to the 
X direction is Y, and the direction perpendicular to the 
reticle or wafer surface is 2. 

[0037] The reticle 1 11 is supported by a reticle chuck 55 
113 on the reticle stage 112. The reticle stage 112 has 
a mechanism for driving at high speed in the X direction. 
Furthermore, the reticle stage 112 has a precise posi- 



tioning mechanism with respect to each of the X, Y : and 
Z directions as well as the rotation directions of each of 
the axes, to perform positioning of the reticle 111. The 
position and orientation of the reticle stage are meas- 
ured by a laser interferometer, and based on a result 
thereof, the position and orientation are controlled. 
[0038] The wafer 1 31 is mounted on the wafer stage 
132 by the wafer chuck 133. The wafer stage has a 
mechanism for driving at high speed in the X direction, 
as similar to the reticle stage. Furthermore, the wafer 
stage has a precise positioning mechanism with respect 
to each of the X, Y, and Z directions as well as the rota- 
tion directions of each of the axes, to perform positioning 
of the wafer. The position and orientation of the wafer 
stage 1 32 are measured by a laser interferometer, and 
based on a result thereof, the position and orientation 
are controlled. 

[0039] Alignment detection mechanisms 114 and 134 
respectively measure a position relation between the 
position of the reticle 1 1 1 and an optical axis of the pro- 
jection optical system, and the position relation between 
the position of the wafer 131 and an optical axis of the 
projection optical system. The position and angle of the 
reticle stage 112 and wafer stage 1 32 are set so that the 
position of a projection image of the reticle 111 matches 
a predetermined position. 

[0040] Furthermore , a focus position in the 2 direction 
of the wafer surface is measured by the focus position 
detection mechanism 135. By controlling the position 
and angle of the wafer stage 132, the wafer surface is 
held at an image forming position of the projection opti- 
cal system at all times of an exposure. 
[0041] When a single time of scan exposure is com- 
pleted on the wafer 131, the wafer stage 132 step- 
moves in the X and Y directions to the next scan-expo- 
sure start position, and again the reticle stage 112 and* 
wafer stage 1 32 are synchronously scanned at a speed 
ratio that is equal to a demagnification ratio of the pro- 
jection optical system. 

[0042] In the foregoing manner, the synchronous 
scanning of the reticle and wafer is repeated (step and 
scan) while a demagnified projection image of the reticle 
is formed on the wafer. As a result, a transfer pattern of 
the reticle is transferred on the entire surface of the wa- 
fer. 

[0043] EUV light is largely absorbed by gas. For in- 
stance, when EUV light having a wavelength of 13 nm 
propagates 1 m in a space filled with air of 1 0Pa, about 
50% of the light is absorbed. To prevent absorption by 
air, it is necessary to keep the pressure of the space 
where EUV light propagates, at least at 1 0* 1 Pa or lower, 
more preferably 1 0* 3 Pa or lower. 

[0044] Furthermore, in a case where the space, 
where the optical device irradiated by EUV light is 
placed, includes the remnants of molecules having car- 
bons such as hydrocarbons, the carbons gradually at- 
taches to the surface of the optical device as light irra- 
diation is performed. Since the attached carbons absorb 
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EUV light, the reflectivity declines. To prevent the carbon 
attachment, it is necessary to keep the pressure of the 
space, where the optical device irradiated by EUV light 
is placed, at least at 10" 4 Pa or lower, more preferably 
1 0* 6 Pa or lower. For this reason, the light source, optical 
device such as the illumination system and projection 
optical system, reticle, and wafer are placed in the vac- 
uum chamber 101 , and air evacuation is performed to 
satisfy the aforementioned degree of vacuum. 
[0045] The reference numeral 151 in Fig. 1 denotes 
a controller which controls the amount of exposure in 
the EUV exposure apparatus based on a detection re- 
sult of an EU V-light intensity detector 202. 
[0046] Fig. 2 is an explanatory view showing con- 
structions of the reflection-type optical integrator 107 
and its peripherals in the above-described configura- 
tion. In the optical integrator 1 07, a large number of very 
small reflection surfaces, having a predetermined 
shape, are arranged on a plane or curved surface. When 
EUV light is incident on the reflection -type optical inte- 
grator 107, a large number of secondary light sources 
are formed in the neighborhood of the reflection-type op- 
tical integrator 1 07. If the reflection-type optical integra- 
tor has concave-surface mirrors, the secondary light 
sources are located on the external portion of the reflec- 
tion surface of the reflection-type optica! integrator. If the 
reflection type-optical integrator has convex-surface 
mirrors, the secondary light sources are located on the 
internal portion of the reflection surface of the reflection- 
type optical integrator. 

[0047] EUV light emitted from each of the secondary 
light sources is collected by the mirrors of the illumina- 
tion optical system to illuminate the reticle 111. By ar- 
ranging the concave-surface mirrors so as to become 
an entrance pupil of the luminous flux of the secondary 
light source illuminating the reticle 111, Koehler illumi- 
nation is realized. Therefore, the reflection-type optical 
integrator is approximately at the entrance pupil position 
of the luminous flux illuminating the reticle. 
[0048] According to the first embodiment, a very small 
pinhole 201 is provided on the reflection-type optical in- 
tegrator 1 07. Furthermore, the EUV-light intensity de- 
tector 202 is provided opposite to the EUV-light incident 
side of the optical integrator 107, to detect an intensity 
of EUV light passing through the pinhole 201 . 
[0049] Forthe EUV-light intensity detector 202, a pho- 
todiode such as silicon, a photomultiplier including 
phosphors, an electron multiplier tube including an ion 
chamber and photoelectric surfaces, and so forth are 
used. To remove visible light detected by the EUV-light 
intensity detector 202, it is preferable to use a filter 203 
formed with a thin-film metal. 

[0050] Furthermore, a semiconductor diode is known 
to cause damage, such as lowered sensitivity, when it 
receives intense EUV light. To avoid such damage, the 
intensity of EUV light on the photoreceptive surface 
must be lowered to a predetermined level or less. For 
this reason also, it is preferable to provide the filter 203 



atthe front of the EUV-light intensity detector202. More- 
over, to prevent deteriorated precision due to stray light 
\or the like, it is preferable to use a filter material, which 
relatively highly transmits EUV light having a wave- 
rs length whose reflectivity on multilayer films is high : and 
,' jabsbrbs light having other wavelengths. Such filter is re- 
jalized: by selecting a material including elements that 
Constitute the light element layer forming the multilayer 
films of the mirror. For instance, in the case of employing 
10 jmultilayer films of molybdenum and silicon in the mirror, 
/silicon is the light element and molybdenum is the heavy 
[element. Therefore, a filter formed with a material in- 
cluding silicon, e.g., monocrystal silicon, silicon carbide, 
silicon nitride or the like, is employed. Alternatively, in 
is the case of employing multilayer films of molybdenum 
and beryllium for the mirror, a filterformed with beryllium 
■; is employed. 

; [0051] In the case of employing a filter such as 
monocrystal silicon, silicon carbide, or silicon nitride or 

20 the like, it is preferable that the filter be laminated with 
the filter formed with a thin-film metal, such as beryllium, 
^ for removing visible light as mentioned above. 

[0052] EUV light incident on a point of the optical in- 
tegrator sometimes has a predetermined divergence 

25 angle. In this case, EUV light that passes through the 
pinhole 201 diverges at the same angle. If it is so struc- 
tured that the EUV-light intensity detector 202 is ar- 
ranged away from the pinhole 201 by a predetermined 
distance, the EUV-light intensity per unit on the photore- 

30 ceptive surface of the detector 202 reduces, and the 
damage such as lowered sensitivity can be prevented. 
The distance between the detector and pinhole is set so 
that the size of the area on the detector where EUV light 
is irradiated becomes as large as posstole within the 

35 size of the photoreceptive surface of the detector. 

[0053] By virtue of having the foregoing configuration, 
an intensity of EUV light can be measured approximate- 
ly at the entrance pupil position of the luminous flux il- 
luminating the reticle. 

40 [0054] Since the position of the optical integrator 1 07 
is approximately the entrance pupil of the luminous flux 
illuminating the reticle 111, providing the pinhole 201 
causes non-uniform distribution of the luminous flux il- 
luminating the reticle 111 within the surface of the en- 

45 trance pupil, thus influencing a resolution performance. 
In view of this, the diameter of the pinhole is preferably 
provided as small as possible, more specifically, about 
1% or less of the size of the area where light from the 
integrator is irradiated. 

so [0055] On the reflection surface of the reflection-type 
integrator 1 07, a large number of unit shapes, e.g., very 
small spherical or cylindrical surfaces, are arranged. 
EUV light reflected by each of the unit shapes irradiates 
the entire surface of the reticle illumination area. If, for 

55 instance, a pinhole is provided in such a manner as to 
lack a half of this unit shape, the illumination intensity 
declines in the half of the reticle illumination area, caus- 
ing a non-uniform illumination distribution. Therefore, it 
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is preferable to provide a pinhole without lacking the unit 
shape. 

[0056] As a method of providing a pinhole without 
lacking the unit shape, the pinhole is provided so as to 
remove one whole unit shape as shown in Fig. 3. Alter- 
natively, the arrangement of the unit shapes is shifted 
to make a clearance as shown in Fig. 4, and a pinhole 
may be provided on the clearance. If the foregoing meth- 
ods are used, providing a pinhole does not influence the 
illumination distribution of EUV light on the reticle. 
[0057] Furthermore, a shape of the cross section of 
the pinhole is preferably made askew to match the angle 
of EUV light incident on the integrator, or made in an 
"inverse tapered shape," having a small opening on the 
reflection surface and a large opening on the back sur- 
face as shown in Fig. 2, so that the EUV light is not in- 
tercepted by the inner surface of the pinhole. 
[0058] According to the EUV exposure apparatus of 
the first embodiment having the above-described con- 
figuration, an intensity of EUV light is measured at the 
entrance pupil position of luminous flux illuminating a 
reticle, and based on the measurement result, the con- 
troller 151 controls the amount of exposure in such a 
manner that the amount of EUV light irradiated to the 
resist is constant. For instance, in a case where an in- 
tensity of EUV light measured fluctuates, methods such 
as changing a light-emitting intensity of a light source, 
or changing a light-emitting timing of the light source to 
alter an average light intensity, or changing an exposure 
time for a point of a wafer, can be employed. For in- 
stance, since the light source emits pulsed light, chang- 
ing the recurrence frequency of pulse trains can alter an 
average light intensity. In a case of a laser plasma light 
source, the recurrence frequency of pulse trains can be 
altered by changing light-emitting intervals of the laser. 
If the amount of light is excessive, the amount of light 
can be reduced by suppressing some of the pulsed light 
emission of the periodical pulsed light emissions. 
[0059] Moreover, the controller 151 detects wear in 
the parts constituting the plasma light source or damage 
of the illumination system mirrors based on the meas- 
ured EUV intensity value, and determines the time for 
exchanging the parts. This is performed, for instance, 
as follows. The plasma light source emits pulsed light, 
and the light-emitting intensity for each pulse has vari- 
ations to a certain degree. Therefore, an average inten- 
sity of a large number of pulses is obtained, and a time- 
varying change of the average intensity is recorded. 
When the value of the average intensity declines from 
an initial value by a predetermined amount, e.g., 10% 
of the initial value, it is determined that parts constituting 
the plasma light source are worn or the illumination sys- 
tem mirror is damaged, and notification is made to ex- 
change the parts. 

[0060] As described above, according to the EUV ex- 
posure apparatus of the first embodiment, an intensity 
of EUV light is measured at the entrance pupil position 
of luminous flux illuminating a reticle, and based on the 



measurement result, the amount of exposure is control- 
led in such a manner that the amount of EUV light irra- 
diated to the resist is constant. Accordingly, stable mi- 
crocircuit pattern transferring operation can be per- 
5 formed without causing fluctuations of the EUV light- 
emitting intensity, which result in variations in the size 
of the microcircuit pattern or reduced resolution. More- 
over, since wear in the parts constituting the plasma light 
source and damage of the illumination system mirrors 
10 are detected, the time for exchanging the parts can be 
determined with precision. 

[0061] Furthermore, at the front of the EUV-light in- 
tensity detector 202, the filter203 formed with a thin-film 
metal and/or the above-described fitter formed with a 
™ material including elements that constitute a light ele- 
ment layer forming the multilayer films of the mirror are 
arranged. By virtue of this, damage on the detector such 
as lowered sensitivity can be avoided, while preventing 
deterioration in precision due to visible light or stray 
20 light. For instance, the aforementioned fitter formed with 
a material, e.g., monocrystal silicon, nitriding silicon, sil- 
icon carbide or the like, transmits visible light. In view of 
this, a metal filter is overlaid to cut off the visible light. 
These fitters may be of independent fitters, or an inte- 
rs grated filter in which a thin-film metal is deposited on a 
silicon-included fitter. When the metal filter is thin, the 
integrated filter is more advantageous in terms of the 
ease of production and ease of use. 
[0062] Furthermore, by virtue of adopting the con- 
30 struction such that the EUV-light intensity detector 202 
is arranged away from the pinhole 201 by a predeter- 
mined distance, the EUV-light intensity per unit area on 
the photoreceptive surface of the detector 202 reduces, 
and damage such as lowered sensitivity of the detector 
35 202 can be prevented. 

<Second Embodiment 



[0063] In the first embodiment, a pinhole is provided 
<*o on the optical integrator to measure an intensity of EUV 
light at the entrance pupil position of luminous flux illu- 
minating a reticle. According to the second embodiment, 
a reflection mirror is provided on the front surface of the 
optical integrator to measure an intensity of EUV light at 
45 the entrance pupil position of luminous flux illuminating 
a reticle. Note in the following second embodiment, an 
EUV exposure apparatus employing a laser plasma light 
source as similar to the first embodiment will be de- 
scribed. Needless to say, the second embodiment is al- 
50 so applicable to an EUV exposure apparatus employing 
an electric discharge plasma light source. 
[0064] Fig. 5 is a view showing a brief construction of 
an EUV-light exposure apparatus according to the sec- 
ond embodiment. For those configurations similar to the 
55 first embodiment (Fig. 1 ), the same reference numerals 
are assigned. The construction differs from that of the 
first embodiment in that a pinhole does not exist in an 
optical integrator503, and that a micro-mirror 501 is pro- 
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vided on the front surface of the integrator 503. An in- 
tensity of EUV light reflected by the micro-mirror 501 is 
detected by an EUV-light intensity detector 502. Note 
that the EUV-light intensity detector 502 has the same 
function as the EUV-light intensity detector 202. Further, 
the filter construction similar to that of the first embodi- 
ment may be employed. 

[0065] In the foregoing configuration, EUV light irra- 
diated by the plasma light source 1 05 is collected by the 
illumination system first mirror 106 and directed to the 
reflection-type optical integrator 503: In the second em- 
bodiment, as will be described in detail in Fig. 6, the mi- 
cro-mirror 501 is provided on the front surface of the re- 
flection-type optical integrator 503. Reflection light from 
the micro-mirror 501 is directed to a position that does 
not interrupt the EUV light incident on or outgoing from 
the optical integrator 503. At this position, the EUV-light 
- intensity detector 502 is provided to detect an intensity 
of reflection light from the microhm irror. 
[0066] As similar to other mirrors in the illumination 
system and projection system, the micro-mirror 501 is 
formed by depositing multilayer films on the surface of 
a substrate consisting of polished glass, metal, ceram- 
ics or the like, to achieve a high reflectivity. In a case 
where the mirror is used in oblique incidence at an inci- 
dent angle of 60 degrees or more, total reflection may 
be used, a mirror formed by depositing a platinum or 
gold single-layer film on a polished silicon carbide or a 
polished glass substrate may be used. 
[0067] The micro-mirror 501 may be adhered and 
fixed to the reflection-type optical integrator, or the re- 
flection-type optical integrator may be punctured to sup- 
port the micro-mirror from the back surface of the optical 
integrator through a supporting mechanism. 
[0068] In addition, micro-mirror 501 may be arranged 
in a place where incident light to the optical integrator 
crosses to the reflected light from the optical integrator 
[0069] EUV light incident on a point of the optical in- 
tegrator has a predetermined divergence angie. In a 
case where the micro-mirror 501 has a flat surface, EUV 
light reflected by the micro-mirror 501 diverges at the 
same angle. Since the detector 502 needs to be placed 
on the position that does not interrupt the EUV light in- 
cident on or outgoing from the optical integrator 503, the 
detector 502 needs to be located away from the micro- 
mirror 501 by a predetermined distance. Because of 
this, the size of the reflection light spot may sometimes 
exceed the size of the photo receptive surface of the de- 
tector 502. In this case, it is preferable that the micro- 
mirror 501 has a concave surface, e.g., spherical sur- 
face, cylindrical surface, spheroidal surface, toroidal 
surface or the like, so as to keep the divergence angle 
of the reflected EUV light relatively small. Particularly, 
by providing the size of the area on the detector 502, 
where EUV light is irradiated, as large as possible within 
the size of the photoreceptive surface of the detector 
502, the EUV-light intensity per unit area on the photore- 
ceptive surface of the detector 502 can be reduced, and 



damage such as lowered sensitivity of the detector 502 
can be prevented. 

[0070] By virtue of having the foregoing configuration, 
' an intensity of EUV light can be measured approximate- 

5 Jy at the entrance pupil position of the luminous flux il- 
lumihating'the reticle, as similar to the first embodiment. 
[0071]. Note, on the reflection surface of the reflection- 
type integrator 503, a large number of unit shapes, e.g., 
very small spherical or cylindrical surfaces, are ar- 

16 ranged. EUV light reflected by each of the unit shapes 
irradiates the entire surface of the reticle illumination ar- 
ea. If, for instance, a micro-mirror is provided in such a 
manner as to lack a half of this unit shape, the illumina- 
tion intensity declines in the half of the reticle illumina- 

15 tion area, causing a non-uniform illumination distribu- 
tion. Therefore, it is preferable to provide a micro-mirror 
without tacking the unit shape. 

[0072] As a method of providing a micro-mirror with- 
out lacking the unit shape, a mirror having the shape 

20 that covers the entire unit shape is employed. For in- 
stance, in a case where the unit shape is a rectangle as 
shown in Fig. 7, a rectangle micro-mirror that covers the 
entire unit shape is arranged. If the foregoing method is 
used, providing a micro-mirror does not influence the il- 

25 lumination distribution of EUV light on the reticle. 

[0073] According to the second embodiment, an in- 
tensity of EUV light is measured at the entrance pupil 
position of luminous flux illuminating a reticle, and based 
on the measurement result, the amount of exposure is 

30 controlled in such a mannerthat the amount of EUV light 
irradiated to the resist is constant, as similar to the first 
embodiment. Furthermore, based on the measured 
EUV intensity value, wear in the parts constituting the 
plasma light source and damage of the illumination sys- 

35 tern mirrors are detected, and the time for exchanging 
the parts is determined. 

[0074] Since the EUV exposure apparatus of the sec- 
ond embodiment measures an intensity of EUV light at 
the entrance pupil position of luminous flux illuminating 

40 a reticle, and controls the amount of exposure based on 
the measurement result in such a manner that the 
amount of EUV light irradiated to the resist is constant, 
an exposure apparatus and exposure method employ- 
ing EUV light, capable of performing stable microcircuit 

45 pattern transferring operation, can be realized without 
causing fluctuations of the EUV light-emitting intensity, 
which result in variations in the size of the microcircuit 
pattern or reduced resolution. 

[0075] Moreover, since wear in the parts constituting 
50 the plasma light source and damage of the illumination 
system mirrors are detected, the time for exchanging the 
parts can be determined with precision. 
[0076] Furthermore, by virtue of the concave surface 
of the micro-mirror 501 , the divergence angle of EUV 
55 light reflected by the micro-mirror is kept relatively small . 
By providing the size of the area on the detector 502, 
where EUV light is irradiated, as large as possible within 
the size of the photoreceptive surface of the detector, 
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thereby reducing the EUV-light intensity per unit on the 
photoreceptive surface of the detector, damage such as 
lowered sensitivity of the detector can be prevented. 

<Third Embodiment 

[0077] Described next is an embodiment of a device 
manufacturing method employing the above-described 
exposure apparatus. Fig. 9 shows a production flow of 
micro devices (semiconductor chips, such as IC or LSI, 10 
liquid crystal panels, CCD, thin-film magnetic heads, mi- 
cro machines, and so forth). 

[0078] In step S11 (circuit design), a circuit of a sem- 
iconductor device is designed. In step S12 (mask pro- 
duction), a mask on which the designed circuit pattern is 
is formed is produced. Meanwhile, in step S13 (wafer 
production), a wafer is produced with a material such as 
silicon. In step S14 (wafer process), which is called a 
pre-process, an actual circuit is formed on the wafer with 
the use of the mask and wafer by a lithography tech- 20 
nique. In step S15 (assembly), which is called a post- 
process, a semiconductor chip is produced by using the 
wafer produced in step S14. Step S15 includes assem- 
bling process (dicing, bonding), packaging process 
(chip embedding) and so on. In step S16 (inspection), 25 
the semiconductor device manufactured in step S15 is 
subjected to inspection such as an operation-check test, 
durability test and so on. Semiconductor devices are 
manufactured in the foregoing processes and shipped 
(stepS 17). 30 
[0079] Fig. 1 0 shows a flow of the aforementioned wa- 
fer process in detail. In step S21 (oxidization), the wafer 
surface is oxidized. In step S22 (CVD), an insulating film 
is deposited on the wafer surface. In step S23 (electrode 
formation), electrodes are deposited on the wafer. In 35 
step S24 (ion implantation), ion is implanted on the wa- 
fer. In step S25 (resist process), a photosensitive agent 
is coated on the wafer. In step S26 (exposure) , the circuit 
pattern of the mask is exposed on the wafer by the 
above-described exposure apparatus. In step S27 (de- 40 
velopment), the exposed wafer is developed. In step 
S28 (etching), portions other than the developed resist 
image are removed. In step S29 (resist separation), un- 
necessary resist after the etching process is removed. 
By repeating the foregoing steps, multiple circuit pat- <*s 
terns are formed on the wafer. 

[0080] By virtue of the manufacturing method of the 
third embodiment, highly integrated semiconductor de- 
vices, which have been difficult to produce convention- 
ally, can be produced. so 
[0081] As many apparently widely different embodi- 
ments of the present invention can be made without de- 
parting from the spirit and scope thereof, it is to be un- 
derstood that the invention is not limited to the specific 
embodiments thereof. 55 
[0082] For example, in the above embodiments it is 
preferred that the pinhole 201 or the micro-mirror 501 
has the size and shape of a unit of the integrator 107, 



to avoid causing non-uniform illumination of the reticle. 
It will be appreciated that such non-uniform illumination 
can also be avoided if the pinhole or the micro-mirror 
has the size and shape of an integer multiple of the in- 
5 tegrator units. 

[0083] Additionally, in the above embodiments, the 
detector 202 or 502 is placed so as to detect the light 
intensity at or near the integrator 107. However, if the 
optical system is such that a position exists, in the light 
path from the integrator to the reticle, which is optically 
conjugate with the integrator, the detector may be 
placed so as to detect the light intensity at or near this 
conjugate position. For example, the micro-mirror 501 
may be placed in or close to the conjugate plane, or a 
mirror having the pinhole 201 may be placed at the con- 
jugate position. 



Claims 

1. An exposure apparatus, including an illumination 
optical system for directing light from a light source 
to a reticle and a projection optical system for di- 
recting light from the reticle to a substrate, for trans- 
ferring a pattern on the reticle to the substrate, com- 
prising: 

a reflection-type optical integrator, arranged in 
the illumination optical system, which is adopt- 
ed to f orm a plurality of light source images with 
the light from the light source; 
branching means adopted to branch a part of 
~ the light from the light source at the position of 
or near said optical integrator; and 
a detector adopted to detect an intensity of light 
branched by said branching means. 

2. The apparatus according to claim 1 , further com- 
prising a controller adopted to control an amount of 
exposure based on the intensity of light detected by 
said detector. 

3. The apparatus according to claim 2, wherein said 
controller controls an amount of exposure by 
changing at least one of a light-emitting intensity of 
the light source, a light-emitting timing of the light 
source, or a time for exposing a point on the sub- 
strate. 

4. The apparatus according to claim 1, further com- 
prising notification means adopted to notify neces- 
sity to exchange parts of the illumination optical sys- 
tem based on the intensity of light detected by said 
detector. 

5. The apparatus according to claim 1 , wherein said 
branching means includes a pinhole arranged on 
said optical integrator. 
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